Effect of insulin, prostaglandin E1 and uptake inhibitors on glucose transport in the perfused guinea-pig placenta.
The effects of insulin, prostaglandin E1 (PGE1) and uptake inhibitors on unidirectional D-glucose influx at brush border (maternal) and basal (fetal) sides of the guinea-pig syncytotrophoblast were investigated in the intact, perfused guinea-pig placenta by rapid, paired-tracer dilution. Experiments were performed in either an in situ preparation artificially perfused through the umbilical vessels (intact maternal circulation) or in the fully isolated dually-perfused placenta in which both interfaces were studied simultaneously. Kinetic characterization of unidirectional D-glucose influx gave apparent Km values (mean +/- SEM) at maternal and fetal sides of 70 +/- 6 and 87 +/- 16 mM respectively; corresponding Vmax values were 53 +/- 3 and 82 +/- 6 mumol min-1g-1. At the fetal side (singly-perfused placenta) cytochalasin B (50 microM), ethylidene-D-glucose (100 mM) and PGE1 (1 microM) partially inhibited D-glucose uptake whereas cortisol (50 microM) and progesterone (100 microM) had no effect. Abolition of the sodium gradient across the fetal interface did not modulate the kinetics of influx. In the presence of 150 mu units ml-1 insulin (dually-perfused placenta), unidirectional uptake into the trophoblast and transplacental D-[3H]glucose transfer were unaltered. In contrast, prostaglandin E1 (1 microM) markedly reduced the Km and Vmax for D-glucose at both interfaces and the inhibitory effect was reflected in a reduction in specific transplacental D-glucose transfer. Further experiments showed that the isolated placenta releases prostaglandins (PGE; PGF2 alpha) into both circulations. Bilateral insulin perfusion did not affect either lactate release by the placenta or rapid metabolism of D-[14C]glucose to [3H]lactate (usually less than 10% effluent [14C]lactate in 5 min). An asymmetric degradation of exogenous insulin was observed in the dually-perfused placenta: uterine venous samples contained 24 +/- 7 microunits ml-1 immunoreactive insulin when compared to the arterial concentration (151 +/- 3 microU ml-1 perfusate) while no change was measureable in the fetal circulation within the same time period (152 +/- 5 microU ml-1). This asymmetry was confirmed in experiments employing [125I]insulin. These results demonstrate that glucose transport in the intact guinea-pig placenta occurs by a sodium-independent, cytochalasin B-inhibitable system which is insulin-insensitive. Prostaglandin E1 appeared to be a potent transport inhibitor which suggests that prostaglandins may be involved in the 'down' regulation of placental glucose transport in vivo.